This report is based on 13,231 tenth-grade students who participated in the Chicago Heart Association Pediatric Heart Screening Project. The blood pressures of these fifteen and sixteenyear-olds were analyzed with respect to sex, race, adiposity, pulse rate, and father's educational attainment.
THE CHICAGO HEART ASSOCIATION conducted a survey for congenital and acquired heart disease among school children initially in 1959-60 and again in 1969-72. The latter survey, in addition to evaluating heart sounds, focused on tenth-grade students and included measurements of blood pressure, serum cholesterol, adiposity, and cigarette smoking because the distribution in teenagers of risk factors for subsequent atherosclerotic and hypertensive diseases is not well established. This paper presents some results on the distribution and correlates of blood pressure in tenth-grade students.
Procedures
All public, private, and parochial secondary schools in Lake, DuPage, and suburban Cook Counties, and the nonpublic schools in Chicago, were stratified by number of students enrolled, and a probability sample of schools was selected from each stratum. Stratification was introduced for logistical reasons in order to avoid selecting a large number of relatively small schools, thereby increasing the costs of the project associated with moving the screening teams from one site to another. With the cooperation of the local medical society and Parent-Teacher Association, the project was presented to the administration of each selected school and, if accepted, was then explained to the tenthgrade students and teachers. Where possible, students were encouraged to participate in publicizing the project and planning the schedule of activities. A letter explaining the project and requesting permission for the student to participate was sent to each student's home. The parents were also asked to indicate whether the results of the screening tests should be sent to the student's physician.
Blood pressure was measured after the participant had been lying quietly on a cot for five to ten minutes while heart sounds were evaluated using the Phono-Cardio-Scan device. positively correlated with systolic blood pressure and, to a lesser degree, with diastolic blood pressure. After taking adiposity and pulse rate into account, father's educational attainment had a small but statistically significant negative association with diastolic blood pressure in white but not in black students.
Nearly 5 percent of students were recalled for a second test because the initial screening blood pressures equaled or exceeded 150 mm Hg systolic or 90 mm Hg diastolic, and almost half of students at the recall examination continued to have pressures of 145/85 or greater.
In order to place properly the Phono-Cardio-Scan's microphone, boys stripped to the waist and girls wore blouses after removing brassieres. Boys and girls were screened at separate times. The participant and technician were visually isolated during these procedures by portable screens.
A single measurement of the casual blood pressure was obtained under these conditions. The equipment used was a standard mercury sphygmomanometer and a cuff that covered at least two-thirds of the right upper arm. Systolic and diastolic pressures were recorded, respectively, at the appearance and disappearance (first and fifth phases) of the Korotkoff sounds. Weight was measured using a beam balance scale with the participant wearing usual indoor clothing but without shoes. To measure stature, the participant stood erect with head positioned so that the eye-ear plane was horizontal and with heels and back against a vertical surface; the technician determined height by placing a rectangular box firmly in contact with both the top of the head and a scale fixed to the vertical surface. The body mass index' (W/H' where W = weight in kg and H = height in meters) was computed to provide a measure of weight corrected for height. Triceps skinfold thickness was measured using Lange calipers following the procedures described by Selzer and Mayer.2 During the final year of the project, a thirty-second count of the resting radial pulse was also obtained. Demographic data, medical history and family history were obtained at the time of screening. The technicians, all women, were carefully trained in the procedures of collecting data, and their performance was periodically checked in the field by the project's medical director, who used a double stethoscope to verify the accuracy of blood pressure determinations.
Participants were asked to attend a recall examination, usually within three weeks of the initial screening test, if the blood pressure equaled or exceeded 150 mm Hg systolic or 90 mm Hg diastolic. At the recall examination, a pediatric cardiologist measured the blood pressure, examined the participant for abnormal femoral pulses, abdominal bruits, masses, and tenderness, and asked about prior diagnosis and treatment of high blood pressure. If the first recall blood pressure was greater than 142 mm Hg systolic or 82 mm Hg diastolic, the pressure was re-measured up to four times over a period of 20 to 30 minutes. Only the first recall measurements have been analyzed for this report in order to avoid the bias that would be unavoidable if, for instance, the average of the recall measurements were used.
These data have been analyzed by standard statistical procedures using the SPSS set of computer programs.3 Twotailed tests of statistical significance have been used throughout. Analyses have been limited to white or black tenth-graders age 15 or 16 years because the number of participants of other ages and races was very small.
Results

Description of Sample
During the three years of this project, screening occurred in 75 high schools with a total enrollment of nearly 28,000 tenth-graders. About half of all schools approached declined to have the program, citing such reasons as disruption of schedules, inadequate space, and invasion of privacy. The minimum percent participation among students at any one school was 23.9%, the maximum was 88.6%, and the mean was 53.6%.
This report is based on 13,231 black or white tenth-grade students who were 15 or 16 years of age when screened. The number of participants by age, sex, and race, and some descriptive statistics are shown in table 1. Fifteen-year olds comprised 79% of the total sample, males 52%, and whites 94%. The fathers of participants had graduated from college in 24% of cases, attended some college in 7%, graduated from high school in 42%, attended some high school in 16%, and not attended high school in 11%. In comparison to the National Health Examination Survey's probability sample of youths aged 15½/2 years,4 the males in this Chicago area sample averaged about 2 cm taller and about 3 kg heavier; the females did not differ appreciably in mean height from the national sample, but weighed on the average about 1 kg less. Mean triceps skinfold thickness was somewhat greater in the Chicago area sample than in the National Health Survey's sample;5 the differences in means between the two samples varied from 0.8 mm for white females to 2.8 mm for black males. Differences between 15 and 16-year-old tenth-graders in mean systolic and diastolic blood pressure, not tabulated here, varied in absolute value from 0.1 to 2.5 mm Hg. None of the differences was statistically significant except for a difference of one mm Hg in mean systolic blood pressure between 15 and 16-year-old white females. In view of these results and to facilitate presentation of results, the 15 and 16-year-olds were pooled in subsequent analyses.
Percentage distributions and summary descriptive statistics for systolic and diastolic blood pressure by sex and race are presented in tables 2 and 3. Skewness of the distributions can be estimated from the g& statistic, which is positive if the distribution is skewed to the right, negative if skewed to the left, and zero if the distribution is symmetric. Systolic blood pressure tended to distribute with a small skew to the right while diastolic blood pressure tended to skew very slightly to the left, perhaps because some persons exhibit loud Korotkoff sounds that may persist below the true diastolic pressure. The generally positive values for the g2 statistic, which measures the peakedness or flatness of a frequency distribution, indicate that the distributions of both systolic and diastolic blood pressure were slightly more peaked than the normal distribution. These departures from normality, however, were quite small. As indicated in table 2, mean systolic blood pressure was substantially higher in males than females; the differences were 6.4 mm Hg for whites, 3.5 mm Hg for blacks, and 4.9 mm Hg overall (P < 0.001). Mean diastolic blood pressure, on the other hand, was slightly lower in males than females; as shown in table 3, the differences were 1.0 mm Hg for whites, 0.6 mm Hg for blacks, and 0.7 mm Hg overall (P = 0.031).
Differences between blacks and whites in mean systolic blood pressure varied according to sex. Black students averaged 2.0 mm Hg higher than white students among females, but 0.9 mm Hg lower than white students among males. Overall, the difference in mean systolic blood pressure between blacks and whites was very small 0.5 mm Hg and not statistically significant. However, black tenth-grade students consistently had higher mean diastolic blood pressure than whites; the difference was 2.0 mm Hg among females, 2.4 mm Hg among males, and 2.2 mm Hg overall (P < 0.001). Inspection of the percentage distributions indicates that these differences in mean occurred because diastolic blood pressures less than 65 mm Hg are under-represented in black as compared with white tenthgraders.
Correlations of Blood Pressure with Skinfold Thickness, Body Mass Index, Pulse Rate, and Father's Educational Attainment Both triceps skinfold thickness and body mass index were positively correlated with systolic and with diastolic blood pressure in all four sex-race groups (table 4). The correlations with body mass index usually were slightly larger than those with skinfold thickness. Systolic blood pressure correlated better with skinfold thickness and with body mass index than did diastolic blood pressure. The differences between the correlation of body mass index with systolic blood pressure and with diastolic blood pressure are 0.04, 0.17, 0.12, and 0.19 for black females, black males, white females, and white males, respectively. The last three differences are statistically significant using a test for the difference between two correlations that share a common variable. 6 Pulse rate was positively correlated with systolic blood pressure, and there was little variation by sex or race in the magnitude of the relationships. (Data on pulse rate for black females have been omitted because pulse rate was measured only during the third year of this project, and the number of black females screened during this time was too small for reliable analysis.) Pulse rate had substantially smaller but still statistically significant correlations with diastolic blood pressures in white females and white males, but the correlation was essentially zero in black males.
Father's educational attainment had a small but statistically significant negative correlation with systolic and with diastolic blood pressure in white males and females and with systolic blood pressure in black males; it was unrelated to systolic blood pressure in black females and unrelated to diastolic blood pressure in both black males and females.
Multivariate Analyses
The multiple linear regression of systolic and of diastolic blood pressure on body mass index and father's educational attainment is summarized in table 5. The standardized coefficients indicate the difference in the dependent variable associated with a difference of one unit in the independent variable after both variables have been transformed so as to have unit variance. In this way, differences in magnitude between coefficients reflect differences in strength of the relationship uncomplicated by differences in the unit of measurements. These results again indicate a consistent positive association between body mass index and blood pressure. After taking variation in body mass index into account, there remained a small but statistically significant negative association between father's educational attainment and blood pressure level in white but not in black tenth-grade students. As shown by the square of the coefficient of multiple correlation, these two regressors account for I to 6% of variance in diastolic blood pressure and tFather's education was coded as follows: (1) no high school, (2) some high school, (3) graduated high school, (4) some college, (5) graduated college. for 5 to 13% of variance in systolic blood pressure. Similar results, not presented here, were obtained when triceps skinfold thickness was substituted for body mass index in the regression equation; the coefficient of multiple correlation did not increase appreciably when both triceps skinfold thickness and body mass index were included in the same analysis.
A separate multiple regression analysis, summarized in table 6, was done on the data collected in the third year of the project when pulse rate was also measured. Pulse rate was positively associated with systolic blood pressure in all three sex-race groups included in this analysis and with diastolic blood pressure in white students but not in black males. Body mass index continued to have a consistent positive association with systolic and diastolic blood pressure in all groups. Father's educational attainment was negatively associated with diastolic blood pressure in white students of both sexes and with systolic blood pressure in white females only. After adjustment for body mass index and pulse rate, the mean diastolic blood pressure of white males and of white females whose fathers had not attended high school (68 and 70 mm Hg, respectively) were 2 mm Hg higher than the means of white students whose fathers had graduated from college. Together, these three regressorspulse rate, body mass index, and father's educational attainmentaccounted for 1 to 4% of variance in diastolic blood pressure and for 18 to 34% of variance in systolic blood pressure.
Two other regression analyses were also done one for males and another for femalesin which diastolic blood pressure was the dependent variable and body mass index, father's education, and race (coded 0 = white and 1 = black) were the regressors. After adjusting for body mass index and father's education, the mean diastolic blood pressure was 1.9 mm Hg higher in black males than white males (P < 0.001) and 1.2 mm Hg higher in black females than white females (P < 0.025). Pulse rate was added to the set of regressors in a third analysis involving only the males screened during the third year. After adjusting for body mass index, father's education, and pulse rate, the mean diastolic blood pressure of black males was 3.9 mm Hg higher than that of white males (P < 0.001). Thus, variation in these regressors did not account for the differences in mean diastolic blood pressure observed between white and black tenth-grade students.
Similar analyses were performed with systolic blood pressure as the dependent variable. After adjusting for body mass index and father's education, the difference in mean systolic blood pressure between white and black females was very small (0.2 mm Hg) and not statistically significant. Using the third-year data and adjusting for these two regressors plus pulse rate, the difference in mean systolic blood pressure between white and black males was 2.2 mm Hg, but this was not statistically significant.
Results of the Recall Examination
Participants were asked to attend a recall examination if the initial screening blood pressure equaled or exceeded 150 mm Hg systolic or 90 mm Hg diastolic. A total of 4.6% of the persons screened were recalled; 2.5% met the systolic criterion only, another 1.5% met the diastolic criterion only, and 0.5% met both criteria. As shown in table 7, there was little variation among sex-race groups in the percentage meeting the diastolic criterion but, because of the previously noted higher systolic pressures in males, an appreciably larger percentage of males than females was recalled for the systolic criterion only.
A total of 403 (66.9% of 602) students attended the recall examination, and the distribution of their first recall systolic and diastolic blood pressures is shown in table 8. Since these students were selected because their blood pressures were substantially higher than average, a marked regression toward the mean was apparent in the recall examination data; over half now had systolic and diastolic blood pressures less than 145/85. This phenomenon will tend to occur whenever measurements are repeated on a group originally selected for above-average or below-average values on a variable that has a substantial amount of intraindividual variation over time, such as blood pressure, serum cholesterol, or blood glucose. However, 18.4% of the students attending the recall examination had blood pressures that were elevated even by adult standards (systolic blood pressure5 155 mm Hg or diastolic blood pressure 5 95 mm Hg). Assuming that nonresponse did not substantially bias these results, the relative frequency in this population of tenth-grade students with blood pressures in this range on two consecutive occasions was about 8 per thousand. Using somewhat more relaxed standards, 47.4% of the students at the recall examination had blood pressure that equaled or exceeded 145 mm Hg systolic or 85 mm Hg diastolicvalues that slightly exceed the 95th percentiles for single casual measurements. These data suggest that about 2% of tenth-grade students have blood pressures at these levels on two consecutive occasions.
The examining physician did not detect abdominal bruits or tenderness in any student attending the recall examination. Weak and delayed or absent femoral pulses were observed in 1.2%, and a history of physician-diagnosed high blood pressure was obtained from 1.5%.
Discussion
At least two limitations of these results should be discussed. First, although high schools within a defined geographic area were selected randomly, nearly 50% of them declined to participate. Similarly, about 50% of the tenthgrade students at participating schools declined to be screened. This amount of self-selection makes possible the existence of biases in the results. Also, the marked underrepresentation of black students in the target population possibly restricts the generality of results. However, it should be pointed out that, strictly speaking, even if a true probability sample of all tenth-grade students in the Chicago area had been studied, the results would be generalizable by statistical sampling theory only to that unique population of individuals. Their relevance for other populations would remain a matter of judgment based, in part, upon their congruence with results obtained in other studies of children, adolescents, and young adults. The results of the present study are discussed in this context below.
Sex and Age
Blood pressure measurements from long-term continuous follow-up of cohorts first studied in childhood are not yet available but, as best can be determined from cross-sectional studiesfor instance, the Tecumseh study of a total community,7 the National Health Examination Survey of children aged 5 to 11 years8 and of adults aged 18 or more years,9 the Evans County Study of persons aged 15 years or older,10 the Holmes County Study of black persons five years of age or older,1' Londe's data on children aged 3 to 15 years in St. Louis,"2 and Lauer's Muscatine, Iowa data3the mean systolic blood pressure tends to increase by 1 ½/2 to 2/2 mm Hg per year and to be slightly higher in females than males from about age 5 to 14 years. The mean systolic blood pressure of females reaches a plateau at about 14 years and remains nearly constant throughout the early reproductive years, but the mean systolic blood pressure of males continues to rise until about age 20 before leveling off. Thus, from age 14 or 15 throughout early adulthood, the mean systolic blood pressure is greater in males than females.
In general, differences in diastolic blood pressure between males and females tend to be smaller but in the same direction as differences in systolic blood pressure. An exception appears to occur during adolescence when females have slightly higher diastolic blood pressures on the average than males. This phenomenon can be observed in the results of the Tecumseh study,7 and the results of the present investigation indicate that this is a reproducible finding.
-Since these differences between males and females, particularly in systolic blood pressure, have been observed in a variety of populations at different times, it seems likely that they reflect a developmental phenomenon. The cause of the difference is unknown but, given the age at which the crossover occurs, the speculation that it is associated with sexual maturation is unavoidable.
Race
It is well known that black adults in the United States have substantially higher mean levels of blood pressure, both systolic and diastolic, than white adults. The situation with regard to adolescents is less clear. Contrary to the obser- difference in mean blood pressure between white and black high school students in Harlem, and Swartz and Leitch"8 in Seattle found that the mean systolic blood pressure was actually higher in white high school students than in blacks. Sampling error may well be responsible for some of these discrepancies since some of the studies have had very small numbers of subjects in one group or the other. Kilcoyne, for instance, observed only 124 white students out of more than 3,500 screened, while Swartz and Leitch studied only 58 black students out of a total of almost 500. It also seems likely that factors associated with socioeconomic status and with place of residence may confound some comparisons between black and white adolescents. Langford et al.,"9 studying a biracial population of adolescents in and around Jackson, Mississippi, have reported higher average blood pressures in the rural area as compared to the urban area and, within the urban segment, a negative correlation between socioeconomic status and blood pressure. Thus, although black adolescents had higher pressures than whites when place of residence and socioeconomic status were controlled, these investigators found that the average blood pressure of rural white females was higher than that of urban, middle class, black females.
The National Health Examination Survey has found a small but consistent difference in mean diastolic blood pressure between black and white children aged 5 to 11 years8 and marked differences in the means of both systolic and diastolic blood pressure and in prevalence of hypertensive disease between black and white adults.20 21 Given these differences during childhood and adulthood observed in representative samples of the U.S. population, and the differences observed by some investigators during adolescence, it seems reasonable to conclude that a small difference in mean diastolic blood pressure does exist between blacks and whites during adolescence as well. Variation in adiposity, pulse rate, and educational attainment apparently does not account for it. Because the difference is small during childhood and adolescence, environmental factors associated with place of residence and with socioeconomic status may obscure it unless controlled.
Adiposity
The correlation between contemporaneous measurements of bloord pressre nd adiposityboth direct measurements such as skinfold thickness and indirect measurements based upon height and weightis one of the most consistent findings in the epidemiology of high blood pressure. Correlations have also been repeatedly observed between adiposity or gain in weight during young adulthood and subsequent development of hypertension.22"-During the long-term follow-up of adults aged 30 to 62 years at baseline in the Framingham Study, Kannel et al. 28 observed not only that risk of hypertension in previously normotensive persons was proportional to degree of overweight but also that the risk of developing obesity in persons initially of normal weight was greater for hypertensive than normotensive individuals. They concluded: "The finding that hypertensives had an increased tendency to develop obesity as well as the converse and that already obese normotensive subjects subsequently developed an excess of hypertension only after some time lag suggests a relationship that is neither simple nor direct."
With regard to studies of children and adolescents, Stine et al. 27 found correlations of 0.16 to 0.35 between triceps skinfold thickness and blood pressure, both systolic and diastolic, in samples of children aged 7 to 12 years from lowincome areas of Baltimore. Correlations of similar magnitude have been observed for systolic blood pressure in the present study of tenth-graders, but the correlations with diastolic blood pressure in this study were somewhat smaller. Kotchen et al.'4 found correlations of over 0.4 between relative weightthat is, the ratio of observed body weight to the weight predicted from height and sexand systolic blood pressure in their study of high school students aged 17 to 20 years in the District of Columbia. Swartz and Leitch"8 found a statistically significant difference in systolic blood pressure between overweight individuals and the remainder of their sample of high school students, and Londe et al.'8 observed obesity in 53% of 74 children with high blood pressure as compared to 14% of 39 normotensive children aged 4 to 18 years.
Studies in adults suggest that these correlations between adiposity and blood pressure are not due simply to artifacts associated with indirect measurement of blood pressure in very large arms. Detailed analysis of data from the Framingham study"' showed no effect of arm girth on blood pressure independent of the general degree of adiposity, and the G6teborg study29 has demonstrated a clear correlation of skinfold thickness not only with blood pressure but also with prevalence of hypertensive retinopathy.
Marked undernutrition will in general substantially lower the blood pressure,30 but under what conditions reducing adiposity will lower blood pressure in hypertensive persons is unsettled. Recently reported results from a controlled weight reduction project in the Evans County study" were equivocal; the control group as well as the experimental group experienced a decrease in blood pressure. However, as noted by the authors, the fact that the average blood pressure decreased in the experimental group despite decreasing use of antihypertensive medication suggests that the dietary program had some impact. As in the report by Kannel et al.'8 the present study correlated blood pressure with both skinfold thickness and with an index based upon height and weight. Although skinfold thickness is the more direct measurement of adiposity, both studies found that it had no advantage, at least from a statistical point of view, over the more easily obtained index.
In part, this may be due to greater technical error in the measurement of skinfold thicknesses under usual field conditions.
Heart Rate
Heart rate is correlated with blood pressure among adults,32 and Paffenbarger2 has observed that faster heart rate in young college students is a precursor of hypertension in middle age.
In this study of tenth-graders, an appreciable correlation, over 0.3, has been observed between the pulse rate and systolic blood pressure. The correlation with diastolic blood pressure, although statistically significant in white students, was substantially lower than the correlation with systolic pressure, and was not significantly different from zero in black males.
Socioeconomic Status
There appears to be a weak negative correlation between socioeconomic status and blood pressure that is not accounted for by either adiposity or heart rate. In children aged 6 to 11 years, the National Health Examination Survey8 noted that systolic blood pressure tended to decrease with increasing parental education, but in neither white nor black children was this trend steady or of great magnitude. This inverse relationship with parental education was also observed for diastolic blood pressure in white but not in black children. Kotchen et al., 14 studying black high school students in the District of Columbia, observed higher mean systolic blood pressure in children whose parents worked as laborers or were unemployed than in children of parents in professional occupations. As mentioned earlier, Langford et al."9 observed a negative correlation between blood pressure and socioeconomic status in urban black high school females. The present study has also found a small negative association between diastolic blood pressure and father's educational attainment in white tenthgrade students after adjusting for body mass index and pulse rate. A similar negative association with systolic blood pressure was also observed in white females but not males. Similar results were not observed in the black students, perhaps because the proportion with fathers who graduated from college is much smaller.
Prevalence of Hypertension
Determining the frequency with which essential hypertension occurs in adolescents is plagued by semantic as well as technical problems. Until more extensive data become available relating specific levels of blood pressure in youth to risk of subsequent disease, or until some qualitative differencee.g., a biochemical defectis demonstrated between hypertensives and normotensives, definitions of hypertension must rest on considerations of the relative frequency with which specific levels of pressure occur in the population. Thus, one might say that levels occurring in less than five percent of cases are sufficiently rare to be designated "hypertensive." However, the problem is complicated by the fact that the relative frequency of pressures exceeding the 95th percentile varies by age, sex, and race as well as by adiposity, place of residence, socioeconomic status, etc. Age-specific criteria for "hypertension" are defensible for children and adolescents because it is reasonable to believe that the rise in pressure during maturation is physiological. But since males tend to have higher systolic pressures than females during adolescence, should there be sex-specific criteria as well? In the absence of data to indicate that males are more tolerant than females to the long-term effects of specific levels of blood pressure or that blacks are more tolerant than whitessuppositions that are not supported by epidemiologic evidence in adultsit appears no wiser to have separate criteria for males and females, or for blacks and whites, than for obese and lean children. Data from a nationwide probability sample of adolescents are not yet available, but the data from the present study suggest that single casual blood pressures exceeding 142 mm Hg systolic or 82 mm Hg diastolic may reasonably be called "unusually elevated," in that such pressures occur in less than five percent of cases. These values are not greatly different from the 95th percentiles determined by Londe12 for 10 through 15-year-olds.
Intra-individual variation in blood pressure over time is another problem in determining the prevalence of "hypertension." On re-examination, the majority of tenth-grade students with single casual measurements of blood pressure exceeding 142 mm Hg systolic or 82 mm Hg diastolic will no longer meet these criteria; in the sample studied here, for instance, only about 2% of tenth-grade students would have pressures exceeding these levels on two consecutive occasions. Thus, in establishing cut-points, it is quite important to specify whether they refer to single casual measurements or some combination of multiple measurements.
Sufficiently extensive clinical and follow-up data are not yet available to state precisely the prognostic significance of such pressures. Both Londe et al. 28 and Kilcoyne's53 data indicate that the great majority have no discernible cause for the elevated pressures. However, it is reasonably certain that adolescents with such pressures are at substantially higher risk of developing persistent hypertension during adulthood. 22 25 Major problems to be solved include defining precisely those environmental factors that tend to raise the blood pressure during childhood and adolescence, further characterizing those young persons whose pressures will continue to rise during adulthood, and demonstrating effective procedures that can be safely applied to these large numbers of young persons in order to prevent the rise and its sequelae.
